Excitotoxicity mediated by non-NMDA receptors causes distal axonopathy in long-term cultured spinal motor neurons.
Excitotoxicity has been implicated as a potential cause of neuronal degeneration in amyotrophic lateral sclerosis (ALS). It has not been clear how excitotoxic injury leads to the hallmark pathological changes of ALS, such as the abnormal accumulation of filamentous proteins in axons. We have investigated the effects of overactivation of excitatory receptors in rodent neurons maintained in long-term culture. Excitotoxicity, mediated principally via non-N-methyl-D-aspartate (NMDA) receptors, caused axonal swelling and accumulation of cytoskeletal proteins in the distal segments of the axons of cultured spinal, but not cortical, neurons. Axonopathy only occurred in spinal neurons maintained for 3 weeks in vitro, indicating that susceptibility to axonal pathology may be related to relative maturity of the neuron. Excitotoxic axonopathy was associated with the aberrant colocalization of phosphorylated and dephosphorylated neurofilament proteins, indicating that disruption to the regulation of phosphorylation of neurofilaments may lead to their abnormal accumulation. These data provide a strong link between excitotoxicity and the selective pattern of axonopathy of lower motor neurons that underlies neuronal dysfunction in ALS.